Objective: Assess the association between reporting bias of dietary energy intake and the behavioral and psychological pro®les in women. Design: At baseline a series of questionnaires were administered to 37 women, (the Marlowe-Crowne Social Desirability Scale, Weinberger Adjustment Inventory (WAI), the Eating Disorder Inventory (EDI), the Restraint Scale and Sorensen-Stunkard's silhouettes). Subjects received training on how to record dietary records. Subjects recorded three days of dietary records to measure energy intake (EI) during a study to determine total energy expenditure (TEE) using doubly labeled water. Reporting accuracy (RA EIaTEE 6 100) was determined for each subject. Statistical analysis of the data used a mixed effects model accounting for within subject variability to determine if the psychological scores were associated with reporting accuracy. Setting and subject: Women were recruited with local advertisements in Tucson, Arizona. The women had a mean ( AE 1 s.d.) age of 43.6 AE 9.3 yrs, body mass index (BMI) of 28.7 AE 8.5 kgam 2 and total body fat (%TBF) of 31.9 AE 7.3%. Results: Age and %TBF were signi®cantly and inversely associated with RA. Furthermore, Social Desirability was negatively associated with RA. Body dissatisfaction and associating a smaller body size than one's own as being more healthy were also associated with a lower RA. Conclusions: These results suggest that Social Desirability and self image of body shape are associated with RA. Modi®cations in subject training may reduce the effect of these factors on RA. Sponsorship: This project was supported by a grant from the National Institute of Diabetes, Digestive and
Introduction
Numerous studies have reported that there is poor association between reported intake and total energy expenditure (TEE) measurements using doubly labeled water (Livingstone et al, 1990 (Livingstone et al, , 1992 Bandini et al, 1990) . Average differences have commonly been reported to be between 100 and 200 calories, a 10 ± 20% under-report of energy intake (Martin et al, 1996; Sawaya et al, 1996; Schoeller et al, 1990; Schoeller, 1990) . The examination of individual data demonstrates that many subjects report energy intakes that are less than 50% of their TEE, while other subjects overestimate (Martin et al, 1996; Sawaya et al, 1996) .
Research on reporting bias of energy intake has focused on under-reporting since mean intake values from dietary records and recalls are consistently lower than those predicted by doubly labeled water. Findings thus far have shown overweight and higher physical activity to be associated with greater under-reporting of energy intake (Lichtman et al, 1992; Prentice et al, 1986; Lansky & Brownell, 1982; Edwards et al, 1993) . One investigator (Lichtman et al, 1992) recently noted that`the mechanisms responsible [for the consistent under-report] are not well understood'.
Social desirability has been suggested to be associated with a decreased report of total energy intake using a 7-d dietary record (Herbert et al, 1995) . The effect of social desirability on the downward bias for total energy intake was stronger for women than men. However, there was no reference measure of energy utilization in order to estimate the level of under-reporting.
The current study was undertaken to determine how speci®c psychological characteristics would be associated with under-reporting and measured TEE using doubly labeled water as a reference method. This was the ®rst in a series of studies from a larger project to investigate the development of improved methods to assess dietary intake. This line of research arose from our previous studies on dietary assessment methods with various populations which identi®ed techniques for improving the collection and analysis of dietary data (Beaton et al, 1997; Aickin & Ritenbaugh, 1991; Serdula et al, 1993; Taren et al, 1990 Taren et al, , 1993 Taren, 1994; Chen & Taren 1995; Szathmary et al, 1987; Ritenbaugh et al, 1997) . These studies led us to conclude that there was also a need to take into account the psychological pro®les of subjects to decrease the degree to which energy intake is under-reported.
We hypothesized that lowered reported energy intake would be associated with three different domains. The ®rst domain would be based on physiological characteristics, such as age and body composition as previously reported in the literature. These variables would be used to control for previously reported factors that were associated with underreporting (Lichtman et al, 1992; Bandini et al, 1990; Prentice et al, 1986; Lansky & Brownell, 1982; Pannemans & Westerterp, 1993) . The second domain of factors would be psychological indicators that are directly related to concerns about diet and body weight (Wear & Pratz 1987; Gross et al, 1986; Welch et al, 1990; Ruderman 1986; Klesges et al, 1991) . We hypothesized that the more concerned an individual was regarding these issues the more they would under-report. The third domain of factors would be psychological indicators that were more general in scope such as repression, social desirability and interpersonal distrust as they may affect subject-investigator interactions (Weinberger, 1990; Weinberger et al, 1979; Crowne & Marlowe, 1964) . We hypothesized that these variables would be associated with under-reporting.
Methods

Sample
The study sample was selected to provide six subjects in each of six cells de®ned by age and body mass index (BMI) to ensure a range of ages and BMI values. Age and BMI were also chosen as sampling strata because they were the most likely explanatory factors in reported discrepancies. The subjects were recruited into two age strata ( ! 30 ± 45 y, and ! 45 ± 60 y). The BMI standards differed for each age group based on the United States National Health and Nutrition Examination Survey III (NHANES III) data which reported mean BMIs of about 26 kgam 2 for the younger and 28 kgam 2 for the older women (Kuczmarski et al, 1991) . For the younger aged women three BMI groups were de®ned based on the following BMI cut points: (a)`24.0, (B) ! 24.0 ±`28, and ! 28 kgam 2 . The three BMI groups for the older age group were based on the following BMI cut points: (a)`26.0, (B) ! 26.0 ± 30, and ! 30. Women were recruited using protocols for clinical trials that included a series of newspaper advertisements in local newspapers and¯yers in various community settings. A total of 55 women were enrolled. Six women dropped out after shortly after starting and before they were screened to be a part of the doubly labeled water study. Of the remaining 49 women, seven had abnormal TSH values, two withdrew because of health problems and three were non-compliant during the run-in phase and were not started in the doubly labeled water study. The remaining 37 women completed all aspects of the study. The ®nal sample included six subjects per Age and BMI group except that in the 46 ± 60 y age group eight women were in the low BMI group and ®ve women in the high BMI group. The sample included 26 Anglo women, nine Hispanic women and two Native American women.
Research Design
The study design required women to attend several clinic sessions before TEE was measured. At the ®rst visit, subjects were informed that the purpose of the study was to improve the collection of dietary data. Written informed consent was obtained as approved by the University of Arizona Institutional Review Board's Human Subjects Committee. No mention was made about the hypothesis between reporting and psychological factors. Subjects then completed a series of questionnaires. These included in order of completion: a medical history, sociodemographic data, the Marlow-Crowne Social Desirability Scale (Social Desirability), Weinberger Adjustment Inventory (WAI), the Eating Disorder Inventory (EDI), the Revised Restrained Eating Scale (RRS) and the Sorensen-Stunkard's silhouettes. The women participated in a run-in phase in which they received training on how to complete a dietary record, and subsequently recorded four days of intake during a one week period. The women then waited from one week to four weeks to complete a three day intake while participating in a doubly labeled water protocol.
Dietary Methods
All subjects participated in a standard training session that lasted about 45 min, led by a Masters level nutritionist. The training session was conducted to improve the recording of data (Bolland et al, 1988 (Bolland et al, , 1990 . The training and instructions for recording dietary intake included the use of threedimensional food models, serving utensils, plates, bowls and other dishes that are used within the population to assist them with estimating portion sizes (Weber et al, 1997) . During the training sessions, each subject recorded a selfreported dietary recall which was reviewed by the trainer. Each subject was given a set of measuring spoons and a handout to take home to assist them with recording their intake. The diet records during the run-in phase were given to the trainer and reviewed with the subjects. Any problems with recording diet were discussed and solutions recommended to subjects for improving the dietary records. Three non-consecutive days of dietary records were collected during the doubly labeled water study that included one weekend day. Women received reminder phone calls the day before they were to do each intake record. All women were advised to maintain consistent dietary intake levels throughout the study period.
Coding, entry and analysis of the diet records were conducted using the Minnesota Nutrient Data System (NDS, Minneapolis, MN). Data entry was done by one person who had undergone extensive training with NDS and who was blinded to the TEE reports or results of questionnaires. The quality controlaquality assurance (QCaQA) procedures included reviewing each dietary record with the subjects to ®ll in any information that was missing. A 100% duplicate entry of diet records by a different trained coder was followed by comparison of entered records and reconciliation. Each day of food intake was recorded and analyzed separately. These sets of records were subsequently reviewed for day-to-day variability and when there was a high amount of day-today variation, the forms were once again reviewed for con®rmation of intake. The average energy intake of the three days was used for comparison with measured TEE.
Energy Expenditure
The women were screened for abnormal T 3 , T 4 , and thyroid stimulating hormone concentrations. Approximately three days prior to the start of the doubly labeled water study, a 24 h urine sample was collected to measure total urinary Reporting bias of energy intake measures DL Taren et al nitrogen. All premenopausal, non-hysterectomized women began the doubly labeled water protocol 5 ± 10 d postinitiation of menstruation. Women receiving hormone replacement therapy who were on a cyclical estrogenprogesterone regimen started the protocol during the ®rst week of their cycle. TEE was measured during any one week interval for all other women.
The 9-d doubly labeled water protocol was carried out at the metabolic laboratory of Dr Wanda Howell at the University of Arizona Department of Nutritional Sciences. The protocol started within one month following the run-in phase. All women were advised to maintain consistent activity levels throughout this 7-d protocol.
On day 1, a urine specimen was collected from fasted subjects prior to administration of doubly labeled water. According to the protocol described by Ravussin et O) was given orally with 100 ml tap water. Using a modi®ed multiple-point method, urine samples were collected 24 h post-dosing (day two), and on the mornings of days 5 and 9 (days 4 and 8 post-dose) between 0500 and 1000 h. This modi®ed 9-d method is better for the dry climate of Arizona where water losses are greater compared with the longer time periods (10 to 21 d) of TEE measurement used in other climates (Schoeller 1990) . Urine samples were stored in cryovials at 7 80 C until analysis in triplicate by isotope ratio mass spectrometry. The isotope analyses were conducted in the laboratory of Dr Eric Poehlman at the University of Vermont using methods previously described (Toth et al, 1997) .
Body Composition
The standing height of each subject was measured in duplicate on the morning of the ®rst day of the doubly labeled water protocol. Heights were measured with subjects in stocking feet using a non-¯exible standiometer. The measurements were repeated until two measures were within 0.635 cm. Body weights were measured in duplicate on days 1, 5 and 8 of the doubly labeled water protocol. Duplicate body weights of each subject were obtained using a Detecto Beam Balance scale. The average of the three daily measurements was used for the weight value. Weight measurements were obtained while subjects were wearing light clothing with all outer-garments removed except one light layer of clothes. The individual daily body weights agreed within 0.22 kg.
Percentage total body fat (%TBF) was determined using single frequency bioelectrical impedance (Valhalla Scienti®c Inc., San Diego, CA) with calculations based on those for women as described by Lohman (Lohman 1992; Lohman et al, 1988) . Bioelectrical impedance measures and %TBF calculations were determined on days 1, 5 and 8 of the doubly labeled water study and the mean of these days was used as the value for %TBF.
Behavioral Scores
The Marlow-Crowne Social-Desirability Scale Personal Reaction Inventory (Social Desirability) is a 33-item scale that measures a person's tendency to provide the most socially desirable response regardless of being or not being the truth. In regards to reporting diet, socially desirable responses may be a lower reported intake of fat, sweets, and total energy intake than actual intake. This scale discriminates at the 0.05 level or better between high and low total scores (Crowne & Marlowe 1964) . Responses are keyed as either true (18 items) or false (15 items), making an acquiescence interpretation highly improbable. The scale has an internal coef®cient of 0.88 (Cronbach's Alpha). A test-retest correlation of 0.88 was obtained when 57 subjects took the scale twice, separated by a one-month interval. The scale has been normalized for several different populations of women (Crowne & Marlowe 1964) .
The Weinberger Adjustment Inventory (WAI) short form is a 37-item standardized self-report questionnaire designed to generate subscale scores on dimensions of repressiveness (restraint and defensivenessaabsolute restraint), and distress (anxiety, depression, low self-esteem, low well-being) (Weinberger, 1990) . Each item was rated on a ®ve-point Likert scale. In general these scales are used to develop dichotomous categories. The combination of high repressiveness subscale (raw score ! 89) and low reported distress subscale ( 22) scores is indicative of a repressor personality trait. Non-distressed non-repressors score low (raw score 83) on the repressiveness subscale and low on the distress scale (raw score 22). The Cronbach alpha reliability for adults was 0.8 for repressiveness measures and 0.9 for distress. In the current study, the scales were used as continuous variables.
The Eating Disorder Inventory (EDI) (45) assesses a number of psychological and behavioral traits associated with anorexia nervosa (AN) and bulimia nervosa (BN). The EDI is a 64-item, self-report measure consisting of the following subscales which were constructed by means of principal components analysis: (1) Drive for Thinness; (2) Bulimia; (3) Body Dissatisfaction; (4) Ineffectiveness; (5) Perfectionism; (6) Interpersonal Distrust; (7) Interoceptive Awareness; and (8) Maturity Fears. The EDI has been widely used as a screening test for eating disorders, as an outcome measure following treatment, and as an adjunct to clinical judgment in the diagnosis of eating disorders. In addition to being widely used in clinical settings, it has also been used in many research studies on eating disorders. Reliability coef®cients (Cronbach's alpha) of the eight EDI subscales ranged from 0.83 ± 0.93 in a group of AN patients, and from 0.72 ± 0.92 in a control group of female college students (Garner & Olmsted 1984) . The test-retest reliability of the EDI total score was reported to be 0.96 in a group of 70 college students after a three-week interval (Wear & Pratz, 1987) . Criterion-related validity of the EDI was evaluated by comparing the EDI subscale scores of a group of 49 AN patients with the ratings of experienced clinicians who were familiar with the patients. The correlations between the patients' scores and the clinicians' ratings ranged from 0.43 ± 0.68, all of which were signi®cant at the 0.001 level (Garner & Olmsted 1984) . In another study of criterion validity, all of the EDI subscales were signi®cantly correlated with scores on the Eating Attitude Test (EAT), another widely used screening test for eating disorders, except for the Bulimia and Maturity Fears subscales (Garner & Olmsted 1984) . (Gross et al, 1986) reported that a group of BN subjects (n 20) had signi®cantly higher scores than a control group (n 20) on all of the EDI subscales, providing evidence for the discriminant validity of the EDI. The factor structure of the EDI was con®rmed in a study by (Welch et al, 1990) who administered the EDI to 271 eating disorder patients in Sweden and New Zealand. Eight factors corresponding to the eight EDI subscales were clearly identi®ed by factor analysis.
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The Revised Restrained Eating Scale (RRS) (Herman & Polivy 1975 , 1980 consisted of 10 items: six items were related to a Concern With Dieting factor, and four items were related to a Weight Fluctuation factor. In studies involving the RRS, internal consistency has been found to be highest in normal weight groups (r 0.79 ± 0.86), but somewhat lower (r 0.50) in overweight groups (Ruderman, 1986 ). Klesges et al, 1991 reported a test-retest reliability coef®cient of 0.74 in a group of 305 adults (98 males, 207 females) who were retested after an interval of two and one-half years. The RRS has been used in a number of studies of dietary restraint (Ruderman, 1986) .
The Sorensen-Stunkard's Silhouettes of body shapes (from thin to obese) were presented to the women to determine how they perceived their own body shape, their desired body shape, and a healthy body shape (Sorensen et al, 1993; Stunkard et al, 1983; Fallon & Rozin, 1985) . For analysis, each body shape was given a score with the thinnest shape scored as one and the largest shape score as nine. Two different scores were calculated: Healthy subject's own score minus healthy shape score, and Desirable subject's own shape score minus desirable shape score.
Statistical Analysis TEE as determined by the doubly labeled water method was considered the reference outcome value for this study. The reporting accuracy (RA) de®ned as (EIaTEE) 6 100 was used to determine the relationship between the reported energy intake (EI) from the dietary records and the TEE measurements. In this case, values less than 100 represent under-reporting.
Methods
Multivariate analysis was used to evaluate the association of age, percent total body fat, and selected psychological scores on RA. Factors associated with RA were determined with mixed effects regression model using the PROC MIXED procedure of SAS (SAS, 1985) . This model includes both the between-subject effects of the covariates on reporting accuracy, and within-subject correlation due to the multiple measurements of dietary intake in the same subject (Ott, 1984) .
Data were analyzed to determine if they were normally distributed and if not to conduct data transformation when needed. Individual correlations were calculated to determine the bivariate association between the psychological scores with EI, TEE, and RA. Correlations were measured between the independent variables to check for colinearity. We then limited the total pool of variables that would be placed in a full model based on not having variables that were collinear and to limit the number of possible independent variables since our total sample was 37 women. The selection of variables from the larger pool of scales was also based on two additional criteria: a prior hypothesis on which factors would have the greatest relation to underreporting, and which factors could be directly utilized for modifying various aspects of dietary data collection.
Before constructing the models, we determined that age and a measure of body composition would be entered into any model that was constructed since these factors have previously been reported to be associated with underreporting. The body composition measure having the strongest relation to reporting bias was identi®ed by comparing regression models which included age and either BMI, %TBF and weight of the subjects. There was a minimal difference between how these body composition measures were associated with RA. However, %TBF was selected due to being a more direct measure of adiposity.
We ®rst constructed a regression model with the psychological scores that included age and %TBF and RA as the outcome measures. The ®rst set of general psychological measures were limited to Social Desirability, WAI subscales for Distress and Restraint, and the EDI subscales for Perfectionism and Interpersonal Distrust. The second regression model included the psychological factors which were directly related to concerns about diet and weight. These were limited to the EDI subscales on Concerns about Weight Fluctuation, Body Dissatisfaction, Desire for Thinness, and Concern for Dieting, and the difference between scores given to Sorensen-Stunkard's silhouettes for self identi®ed body shape and a Healthy body shape. These full models are reported. More reduced models were then developed if the elimination of any of the hypothesized variables improved the regression model. The ®nal selection of the models reported here was based on evaluating changes in F values between models and identifying an equation with the greatest adjusted r 2 value.
Results
The average ( AE 1s.d.) age of the 37 women who completed the study was 43.6 AE 9.3. There was a strong amount of intercorrelation between weight, %TBF and BMI. Therefore, to evaluate the ®rst domain (physiological characteristics) which we associated with under-reporting, each of the three possible models (age and BMI; age and %TBF; age and weight) were compared to determine which had the greatest r 2 in relation to RA. Age and %TBF were the two best physiological factors for predicting RA: 191.67 ± 1.10 (Age) ± 1.55(%TBF) (F 3.30, P 0.05, r 2 0.11). Therefore, these two factors were subsequently forced into models when measuring the association between the psychological factors and RA.
The mean, standard deviations, and minimum and maximum scores of the various psychological scales are presented in Table 1 . The subjects in this study expressed a large range of values on the psychological scales; each had a relatively normal distribution allowing for normal parametric statistics without necessitating data transformation. Correlation coef®cients were calculated between each psychological score and the various measures of energy intake and expenditure (Table 2 ). None of these measures had a signi®cant association with EI or EE, per se. However, Social Desirability was negatively associated with RA (r 7 0.355, P 0.05).
A pre-existing condition to ensure that energy intake was actually under-reported is that there is no weight loss during the study period. A weight loss would suggest that lower than expected reported energy intake may actually be accurate. Our results indicated that under-reporters (RA`100%) actually had a mean ( AE 1s.e.) weight gain of 0.12 AE 0.03 kg. However, the weight change was not signi®cantly different from the mean ( AE 1s.e.) weight loss of 0.25 AE 0.09 kg for over-reporters (RA b 100%).
The full ®xed effects models for predicting RA are presented in (Table 3 ). These models indicated that Restrained Behavior, Perfectionism and Distress were not general psychological measures associated with reporting bias. Concerns about Dieting, Weight Fluctuation, Healthy, and Desire for Thinness were also weakly associated with reporting bias in the full model that used diet and weight focused psychological factors.
The best reduced model ( Table 4 ) that associated general psychological factors with RA identi®ed Social Desirability as being a signi®cant factor after adjusting for Age and %TBF. Furthermore, the inclusion of Distress and 
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Interpersonal Distrust increased the r 2 values, but were not signi®cant. In the second model, Body Dissatisfaction and Healthy were the two diet and weight associated psychological factors that had the greatest negative association with RA after controlling for Age and %TBF.
Discussion
The sample of subjects in this study represented a heterogenous group living in the Southwestern United States. The ethnic distribution of subjects was diverse, similar to the surrounding population. The women had a range of age and BMI values similar to participants in other local clinical trials. The range of RA in this group were similar to others in the literature, but the correlation between EI and TEE was less than that reported by several recent studies of women (Martin et al, 1996; Sawaya et al, 1996) . This may be due to the selection criteria for the subjects in our study which forced heterogeneity. The greater variability between reported EI and measured TEE increased the range of values for the primary outcome indicator and improved the possibility of identifying an association between the psychological factors and reporting bias (Beaton, 1986) .
The results of the current study with a sample size of 37 are exploratory in terms of determining how psychological factors affect reporting bias, and were not intended to fully develop a prediction equation. However, the results do bring to light that several psychological domains should be considered in relation to the bias that may be present in larger epidemiological studies. The under-reporting of energy has been associated with lower reports of fat intake (Martin et al, 1996) . This also occurred when decreased reported energy intake was associated with Social Desirability (Hebert et al, 1995) . If under-reporting occurs in subjects with greater BMI and who have other risk factors for chronic diseases, the association between diet and chronic diseases may be under-estimated (Prentice, 1996; Taren et al, 1998) .
It may be equally important to consider the in¯uences of psychological factors on the nature and quality of selfreported nutritional information. For example, individuals high in the trait of repressive defensiveness present themselves in the most positive possible manner (Weinberger 1990 ). Repressors deny negative information such as anxiety about themselves even though they show increased physiological activation during laboratory stressors (Weinberger et al, 1979) . Repressors also exhibit speci®c physiological characteristics, including increased blood glucose levels and opiate intolerance (Jamner et al, 1988) . The latter ®nding led us (Bell et al, 1990) to Reporting bias of energy intake measures DL Taren et al hypothesize in a pilot study that repressors might tend to report decreased intake of opioid-activating foods such as fats and sweets because of a psychological tendency to deny socially undesirable eating habits, (e.g., high cholesterol foods) and also a biological intolerance (Drewnowski & Greenwood, 1983; Drewnowski et al, 1992; MarksKaufman et al, 1985; Vilberg et al, 1984) . Consistent with this hypothesis, we found that community-dwelling elderly individuals who were above the sample median for scores on a standardized repression scale of the Weinberger Adjustment Inventory (WAI) were more likely to report limiting their intake of fats and sweets than were their less repressed peers (Bell, 1990) . No known previous studies have investigated the effect of such a reporting bias using doubly labeled water.
The current results are within the range of bias that has been reported by others using TEE as a reference standard for diet records. However, the mean differences and standard deviations between reported intakes and TEE measurements for past studies have all been from relatively small studies with sample sizes less than 20. Normal weight subjects have reported about 80% of energy intake, whereas reports of obese subjects have been lower (35 ± 50%) and lean subjects higher (98%) (Prentice et al, 1986 , Livingstone, et al, 1989 . Over a longer period of time (7 ± 14 days of weighed intakes) reports have been better for lean subjects with RA being 98 AE 15% of expenditure compared with obese subjects who had a mean RA of 67 AE 15% (Prentice et al, 1986) . A study by Livingstone et al (1990) also reported that the average under-reporting was about 80 AE 20% for normal weight men and women, but decreased to 34 AE 20% for overweight subjects compared with TEE measurements. Female distance runners reported energy intakes that were only 68% of TEE as measured by doubly labeled water, and the discrepancies were greatest in women with poorer body images (Edwards et al, 1993) .
However, some studies of reported energy intake have compared favorably to measures of TEE. In a well-controlled but arti®cial environment, nine special forces soldiers, consuming prepackaged ready-to-eat-meals, had selfreported energy intakes that were 95 AE 16% of their TEE measured during a four week period (DeLany et al, 1989) . One can speculate that the men in these studies may represent subjects who would tend not to have the psychological traits that were associated with under-reporting in the current study. Similar psychological issues may have also affected the results of a study of children and adolescents. The youngest children overestimated EI, (110% for ages 3 ± 15 y) with over-reporting decreasing with age until there was a slight underestimation of intake for children 18 y of age (98 AE 21% of expenditure) (Livingstone et al, 1992) . The affect of peer pressure may have played a greater role in the reporting of EI by older children. Other studies have also identi®ed under-reporting of energy by obese children (Maffeis et al, 1994) compared with non-obese children (using TEE estimated from heart rate monitors). Under-reporting also occurs in elderly subjects, (Pannemans & Westerterp, 1993) , and in elite athletes (Haggarty et al, 1988) . Each of these groups may have been affected similarly with regard to the psychological traits that affect reporting of EI. These studies have identi®ed a tendency for EI to be under-reported in populations where thinness is important and high caloric intake is not considered a positive attribute. However, these associations did not provide guidance on how to improve the collection of dietary data. The current results provide measurement of speci®c individual psychological traits to supplement the previous studies in which inferences about psychological factors were drawn from observations of group differences.
In the current study, the mean Social Desirability score for these subjects was greater than that of college students, but similar to women who participated in the Worcester Area Trial for Counseling in Hyperlipidemia (WATCH) (Hebert et al, 1995; Crowne & Marlowe, 1964) . The Social Desirability scores in this study may indicate that women who volunteered to participate in this study tended to score higher on the Social Desirability because they are`doing a socially desirable activity.' If this is true, then other studies that have focused on women may have under-reported EI from a portion of the participants. Social Desirability has also been reported to be negatively associated with underreporting other undesirable health behaviors. In particular, the reporting of alcohol and marijuana use has been negatively associated with Social Desirability (Henly & Winters, 1988; Bradburn et al, 1981) . These results have been reported to be independent of any association between Social Desirability with confounding factors associated with alcohol abuse and drug use such as age, educational and social economic status (Bradburn et al, 1981; Welte & Russell, 1993) .
The University of Arizona's Garbage Project (Ritenbaugh & Harrison, 1984) also revealed consistent over-reporting of culturally-approved,`healthful' behaviors (whole grains, fruits, vegetables, skim milk), and under-reporting of culturally-undervalued,`indulgent' behaviors (alcohol consumption, high fat snacks, sugared cereals, cookies). A well-known behavior modi®cation strategy to in¯uence people to eat less is to have them write down everything they eat. This phenomenon is likely to occur when keeping 24 h records for a research project, perhaps partially explaining why some subjects in our study reported only approximately 50% of their intake. However, under-reporters did not signi®cantly lose weight during the study.
It may be equally important to consider the in¯uences of personality on the nature and quality of self-reported nutritional information. That is, different people might have an inherent tendency to project a positive image to others, to maintain a particular self-image, andaor to avoid the stress of novel experiences in nutritional and social arenas. These behaviors might lead not only to variations of speci®c dietary practices, but also to signi®cant discrepancies between actual and reported diets in food frequency, diet diary, and interview procedures. If these same interactions are confounded with interactions between other risk factors (that is biomarkers) and health outcomes, their covariation needs to be taken into consideration in future studies that try to measure the association among diet, psychological pro®les and chronic disease.
The ®ndings relating Interpersonal Distrust and Distress to under-reporting energy intake need to be addressed with the advancement of dietary methods. Studies that have isolated anonymity as a factor that affects the collection of information on undersirable behaviors have indicated that the method of collection (face-to-face vs telephone interviews vs self-reports) were not a factor (Bradburn et al, 1981) . Furthermore, standard human subject consent procedures that guarantee con®dentiality and anonymity have also failed to decrease the under-reporting of undersirable health behaviors (Welch et al, 1990) . Interpersonal Distrust Reporting bias of energy intake measures DL Taren et al may be an underlying factor that transcends these issues. These results emphasize that the relation between investigator and research subjects may play a critical role in how dietary data are reported. Martin et al (1996) reported a mean RA of 79.8 AE 17.6% for middle aged women using a seven day (consecutive) food record and suggested that food records provided an imprecise measure that substantially underestimated energy intake. However, no information was provided concerning whether`burnout' occurred; this can be detected as decreasing EI within subjects over the seven day period. If burnout occurred, adjustments could have been made and RA may have been greater. Collecting a 3-d of diet record in our study instead of using a seven day period may have improved the mean RA, but also may have led to greater within individual variation. Nonetheless, the within to between subject variation was small.
It is worth noting that racial differences have been reported for the Social Desirability with Blacks having a signi®cantly greater mean values than Whites in a community based study in Kansas City (Klassen et al, 1975) . In an analysis of the current study using only the Anglo women, the same factors were identi®ed as signi®cant predictors; and there was a signi®cant increase in the adjusted r 2 , but a decrease in signi®cance due to the smaller sample size. Thus, the roles that Social Desirability, Distrust and Distress play may vary among ethnic groups and between genders.
There is a possibility that subjects change their behavior while reporting intake andaor activity. We measured intake using diet records, during two separate time periods the ®rst for 4 d and the second for 3 days, within the same group of subjects. There was no evidence throughout either period of a consistent burnout effect during the 1 week of recording dietary data. Furthermore, there was no evidence that subjects started to report signi®cantly more food consumption during the time when TEE was being measured.
The current results suggest that there may be some ways to improve the collection of dietary data or to make adjustments in order to obtain less biased data. At this time, however, these results may be best used to modify the manner in which subjects are introduced to dietary data collection methods and are trained to record food intake. Similar to studies on alcohol consumption, dietary methods need to develop in a manner that will assist subjects to recall a greater amount of their intake and to allow for less desirable foods as part of the food intake (Embree & Whitehead, 1993) . For example, the signi®cance of Social Desirability suggests that it is necessary to train subjects in such a way that they become comfortable reporting foods that may be considered socially undesirable. This strengthens the need to have subjects become more comfortable with trainers and to emphasize during training that items such as large and extra-large portion sizes, snacks, high fat foods, and sweets are acceptable to report because they are part of the social norm.
